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© Process for preparing 1-chloro-2,2,2-trlfluoroethane. 

© 1-Chloro-2,2 t 2-trifluoroethane is prepared in a 
good yield and good selectivity by fluorinating trich- 
loroethylene with hydrogen fluoride in the presence 
of a compound of the formula: 

SbCl x F y 

wherein x and y are both a positive number and the 
sum of x and y is 5, wherein an amount of hydrogen 
fluoride in a reaction system is at least five moles 
per one mole of the catalyst. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a process for 
preparing 1-chloro-2,2,2-trifiuoroethane (hereinafter 
referred to as R-133a). R-133a as such is useful as 
an intermediate in the preparation of a pharmaceu- 
tical or agricultural compound, and is fluorinated 
with anhydrous hydrogen fluoride to give to 
tetrafluoroethane which acts as a working fluid. 

Description of the Related Art 

It is known that R-133a is synthesized by con- 
tacting trichloroethylene and hydrogen fluoride (HF) 
to a catalyst compound of the formula: 

SbC! x F y 

wherein x and y are both a positive number and 
the sum of x and y is 5. However, by this synthesis 
process, a large amount of chlorides are by-pro- 
duced and Sb in the catalyst is deteriorated to a 
trivalent metal. To reactivate the deteriorated cata- 
lyst, chlorine (CI2) is introduced in a reaction sys- 
tem. Therefore, both a yield and a selectivity are 
very low, and this process is not an industrial 
process which can produce R-133a easily at a low 
cost (see U.S. Patent No. 3,003,003). 

In a conventional process disclosed in Japa- 
nese Patent Kokai publication No. 135909/1978, a 
large excess amount of HF is used in the synthesis 
of R-133a. However, only about 50 % of HF is 
utilized. When an exceeding amount of HF is di- 
minished in this process, the selectivity greatly 
decreases. Since this process is a batchwise pro- 
cess so that an operating efficiency of an appara- 
tus is low when it is carried out in an industrial 
scale, it is not easily operable process. 

SUMMARY OF THE PRESENT INVENTION 

One object of the present invention is to pro- 
vide a process for preparing R-133a in a good 
yield and selectivity. 

Another object of the present invention is to 
provide a process for preparing R-133a ec- 
onomically in an industrial scale. 

According to the present invention, there is 
provided a process for preparing R-133a compris- 
ing fluorinating trichloroethylene with hydrogen flu- 
oride in the presence of a compound of the for- 
mula: 



SbCl x F y 



wherein x and y are both a positive number and 



the sum of x and y is 5, wherein an amount of 
hydrogen fluoride in a reaction system is at least 
five moles per one mole of the catalyst 

5 DETAILED DESCRIPTION OF THE INVENTION 

In a preferred embodiment, the fluorination is 
carried out by introducing trichloroethylene and hy- 
drogen fluoride in the reaction system and re- 

10 covering R-133a from the reaction system while 
keeping a reaction pressure constant 

Preferably, a molar ratio of HF to trich- 
loroethylene is at least 4:1, and prepared R-133a is 
recovered from the reaction system as an 

15 azeotropic mixture with HF. 

While trichloroethylene is cheap and desirable 
as a starting material, in addition to or in place of 
trichloroethylene, 1 ,2,2-trichloro-2-fluoroethane or 
1,2-dichloro-2,2-difluoroethane may be used as a 

20 starting material. 1 ,2,2-Trichloro-2-f!uoroethane or 
1 ,2-dichloro-2,2-difluoroethane is an intermediate of 
the above fluorination reaction, and it does not 
interfere with the fluorination reaction. Since the 
addition reaction of HF to trichloroethylene and 

25 fluorination of 1 f 2,2-trichloro-2-fluoroethane or 1,2- 
dichioro-2,2-difluoroethane proceed successively, 
they may be carried out in series. 

An amount of HF is usually from 5 to 500 
moles, preferably from 50 to 300 moles per one 

30 mole of the SbCl x F y catalyst. When the amount of 
HF is larger than the above upper limit, a pro- 
ductivity per a unit volume of a reactor decreases, 
although the reaction itself is not influenced. When 
the amount of HF is smaller than the above lower 

35 limit, though the reaction proceeds, an amount of 
trichloroethylene to be introduced should be de- 
creased so as to avoid decrease of the selectivity, 
and efficiency is deteriorated. 

The amount of HF is at least a total amount of 

40 HF which is consumed in the reaction and HF 
which forms the . azeotropic mixture. When the 
amount of introduced HF is too large, the pro- 
ductivity of R-I33a undesirably decreases, and a 
utilization factor of HF decreases, since the amount 

45 of HF in the reaction system is kept constant. 
Preferably, the amount of introduced HF is from 4 
to 8 moles per one mole of trichloroethylene, from 
3 to 6 moles per one mole of 1 ,2,2-trichloro-2- 
fluoroethane, or from 2 to 4 moles per one mole of 

so 1 ,2-dichloro-2,2-difiuoroethane. 

An amount of trichloroethylene to be intro- 
duced in the reactor is 5 to 100 mol/hour, prefer- 
ably from 10 to 50 mol/hour per one mole of the 
SbCl x F y catalyst. When the amount of trich- 

55 loroethylene is too small, the productivity de- 
creases although the reaction proceeds. When the 
amount of trichloroethylene is too large, the content 
of fluorine in the SbCl x F y catalyst decreases so that 
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the selectivity decreases though the reaction pro- 
ceeds. 

The reaction is carried out at a temperature of 
30 *C or higher. At a temperature slightly higher 
than 30 # C, the selectivity decreases if the amount 
of introduced trichloroethylene is not small in rela- 
tion to the amount of the SbClxF y catalyst Increase 
of the reaction temperature may be favorable for 
the productivity and the selectivity, but at high 
reaction temperature, a reaction pressure should 
be kept high. Since the high reaction pressure 
increases a cost of an equipment, practically the 
reaction temperature is from 50 to 150* C. 

The reaction pressures is selected from a 
range between 3 and 30 kg/cm 2 so as to separate 
R-133a from HF by increasing the pressure as the 
temperature is raised. It is possible to accumulate 
R-133a in the reaction system by the increase of 
reaction pressure while removing by-produced HCI 
from the reaction system. 

To have the SbCl x F y catalyst present in the 
reaction system, it is preferred to add antimony 
pentachloride to the reaction system. 

It is known that added antimony pentachloride 
is partly fluorinated with HF to form SbCI x F y . When 
SbCl x F y is used as a catalyst for the fluorination of 
a compound having a hydrogen atom which can be 
chlorinated or a double bond such as trich- 
loroethylene, the fluorination reaction rate increases 
as the content of fluorine in SbCl x F y increases, 
whereby side reactions are suppressed. 

By using the excess amount of HF in relation 
to antimony pentachloride to keep the fluorine con- 
tent in SbCl x F y high, an addition reaction is pro- 
moted and in turn R-133a is produced with a good 
selectivity. That is, by regenerating consumed 
SbCl x F y having the high fluorine content with the 
excess amount of HF and supplying trich- 
loroethylene at a rate which does not exceed a 
regeneration rate of the catalyst, the fluorine con- 
tent in SbCl x F y is kept high and the production of 
R-122, which tends to be formed when the chlorine 
content in SbCl x F y is high, is suppressed. 

By the presence of excessive HF, the addition 
reaction of HF to the olefin, which is a competitive 
reaction with chlorination, proceeds quickly. 

By the process of the present invention, R- 
133a is prepared with a good selectivity and dete- 
rioration of SbCl x F y caused by chlorination can be 
suppressed. 

PREFERRED EMBODIMENTS OF THE INVEN- 
TION 

The present invention will be illustrated by the 
following Examples. 

Example 1 



In a 500 ml autoclave, SbClg (10 ml, 0,05 mol) 
was charged and cooled with dry ice, and then HF 
(100 ml) was introduced. After an internal tempera- 
ture of the autoclave rose to room temperature, the 

5 mixture was heated at 50* C for 2 hours and then 
at 60 *C for 6 hours, while vigorously stirring. 
Thereafter, in the mixture, trichloroethylene and HF 
were introduced at rates of 025 mol/hour and 1 
mol/hour, respectively. The product was withdrawn 

to from the autoclave through a cooling tube to keep 
the reaction pressure at 6.2 kg/cm 2 . After carrying 
out the reaction for 8 hours and when 2 moles of 
trichloroethylene were supplied, the reaction was 
terminated, and organic materials collected in a dry 

75 ice-cooled trap were analyzed. The results are as 
follows: 
Yield: 180 g 
GLC analysis (TCD): 
R-1 33a; 

20 93.1 % 

R-1 32b (1 ,2-dichloro-1 ,1 -difluoroethane): 
3.4 % 

R-122 (1,2,2-trich!oro-1,1 -difluoroethane): 
3.3 % 

25 The organic materials in the autoclave were 
also analyzed to find that the total yield of R-1 33a 
was 92 %. 

Example 2 

30 

In a 500 mi autoclave, SbCIs (10 ml, 0.05 mol) 
was charged and cooled with dry ice, and then HF 
(100 ml) was introduced. After an internal tempera- 
ture of the autoclave rose to room temperature, the 

35 mixture was heated at 50 " C for 2 hours and then 
at 60 C for 6 hours, while vigorously stirring. 
Thereafter, the internal temperature was further 
raised to 80 'C and, in the mixture, trich- 
loroethylene and HF were introduced at rates of 0.5 

40 mol/hour and 2 mol/hour, respectively. The product 
was withdrawn from the autoclave through a cool- 
ing tube to keep the reaction pressure at 8.5 
kg/cm 2 . After carrying out the reaction for 4 hours 
and when 2 moles of trichloroethylene were sup- 

45 plied, the reaction was terminated, and organic 
materials collected in a dry ice-cooled trap were 
analyzed. The results are as follows: 
Yield: 194 g 
GLC analysis (TCD): 

50 R-1 33a: 97.5% 
R-1 32b: 2.4% 
R-122: 0.5% 

The organic materials in the autoclave were 
also analyzed to find that the total yield of R-1 33a 
55 was 96 %. 

Example 3 
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In a 500 ml autoclave, SbCIs (10 ml, 0.05 mol) 
was charged and cooled with dry ice, and then HF 
(200 ml) was introduced. After an internal tempera- 
ture of the autoclave rose to room temperature, the 
mixture was heated at 50 "C for 2 hours and then s 
at 60* C for 6 hours, while vigorously stirring. 
Thereafter, the internal temperature was further 
raised to 80 *C and, in the mixture, trich- 
loroethylene and HF were introduced at rates of 0.5 
mol/hour and 2 mol/hour, respectively. To keep the io 
reaction pressure at 8.5 kg/cm 2 , the autoclave was 
cooled by circulating a cooling water of 60 *C and 
the product was withdrawn from the autoclave 
through a cooling tube. After carrying out the reac- 
tion for 4 hours and when 2 moles of trich- is 
loroethylene were supplied, the reaction was termi- 
nated, and organic materials collected in a dry ice- 
cooled trap were analyzed. The results are as 
follows: 

Yield: 207 g 20 
GLC analysis (TCD): 

R-133a: 97.6 % 

R-132b: 2.3 % 

R-122: <0.1 % 

The organic materials in the autoclave were 25 
also analyzed to find that the total yield of R-133a 
was 97 %. 

Example 4 

30 

In the same manner as in Example 3 but 
circulating a cooling water of 40 *C, the reaction 
was carried out. The results are as follows: 
Yield: 185 g 

GLC analysis (TCD): 35 
R-133a: 99.8% 
R-132b: 0.2 % 

The organic materials in the autoclave were 
also analyzed to find that the total yield of R-133a 
was 97 %. 40 

.As seen from the results of Example 4, the 
purity of the product depends on an efficiency of 
the cooling tube and the number of plates. There- 
fore, contamination of the product with the inter- 
mediates such as 132b can be prevented easily by 45 
the present invention. 
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amount of hydrogen fluoride in a reaction sys- 
tem is at least five moles per one mole of the 
catalyst 

The process according to claim 1, wherein 
trichloroethylene and hydrogen fluoride are in- 
troduced in a reaction system and 1-chloro- 
2,2,2-trifluoroethane is recovered from the re- 
action system while keeping a reaction pres- 
sure constant 

The process according to claim 1, wherein a 
molar ratio of hydrogen fluoride to 
trifluoroethylene is at least 4:1 . 

The process according to claim 3. wherein 
said molar ratio of hydrogen fluoride to 
trifluoroethylene is from 4:1 to 8:1". 



5. The process according to claim 2, wherein 1- 
chloro-2,2,2-trifluoroethane is recovered as an 
azeotropic mixture with hydrogen fluoride. 

6. The process according to claim 1, wherein an 
amount of hydrogen fluoride is from 5 to 500 
moles per one mole of SbCl x F y . 

7. The process according to claim 1, wherein a 
reaction temperature is at least 30° C. 

8- The process according to claim 1, wherein a 
reaction pressure is from 3 to 30 kg/cm 2 . 

9. The process according to claim 1, wherein 
antimony pentachlortde is added to the reac- 
tion system. 

10. The process according to claim 1, wherein 
1,2,2-trich!oro-2«fluoroethane or 1,2-dichloro- 
2,2-difluoroethane is added to the reaction sys- 
tem. 



Claims 



1. A process for preparing 1-chloro-2,2,2- 
trifluoroethane comprising fluorinating trich- 
loroethylene with hydrogen fluoride in the pres- 
ence of a compound of the formula: 



50 



SbCJ x F y 



56 



wherein x and y are both a positive number 
and the sum of x and y is 5, wherein an 
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